The liquid chromatographic determination of Q.·zearalenol and zear· alenone in corn was collaboratively studied. Each of 13 collaborators received 7 corn samples; 2 were blanks and 5 were spiked to contain 50, 100, and 200 ng Q.·zearalenol/g and 50, 100, 500, 1000, and 4000 ng zearalenone/g. Four sets (including blanks) of blind duplicates were included in the study. Five naturally contaminated corn samples (one in duplicate) were also provided. All collaborators detected both myco· toxins at 50 nglg. Average recoveries reported by all collaborators ranged from 81.9% at 200 nglg to 100.3% at 50 nglg for Q.·zearalenol and from 77.8% at 1000 nglg to 123% at 50 nglg for zearalenone. Three collaborators reported false positives for both Q.·zearalenol and zearalenone. The within·laboratory CV values based on blind dupli· cates were 22.6% for Q.·zearalenol and 31.4% for zearalenone. The CV values based on laboratory·sample interaction were 25.6 and 33.8% for Q.·zearalenol and zearalenone, respectively. The CV values for naturally contaminated samples (including duplicates) were 47.0% for Q.·zearalenol and 37.7 % for zearalenone. The method has been adopted official first action.
The AOAC method for the determination of ,zearalenone in corn (I) is limited by relatively low sensitivity (>200 ng/g) and is not applicable to the detection and quantitation of a· zearalenol. The development of liquid chromatographic (LC) procedures for determining zearalenone and a-zearalenol, using ultraviolet (UV) or fluorescence detection, has demonstrated that both of these naturally occurring mycotoxins can be quantitated at low ng/g levels (2) (3) (4) .
The method of Ware and Thorpe (5) has been modified to include the determination of a-zearalenol, and the modified procedure has been tested on corn, barley, sorghum, oats, and feed (6; personal communication, R. W. Bagnaris). The present study was conducted to validate a liquid chromatographic procedure, with UV or fluorescence detection, for the determination of a-zearalenol and zearalenone in corn.
Collaborative Study solvent was allowed to evaporate (ca 30 min) and the containers were tightly sealed, Collaborators were instructed to use the entire sample for analysis.
Reference Standards
a-Zearalenol and zearalenone in acetonitrile (25,0 f.Lg/mL) were supplied in sealed ampules, The purity of these standards was determined to be >98% for zearalenone and >95% for x-zearalenol by gas chromatography and ultraviolet absorption spectra (7) .
Description of Study
Thirteen collaborators each received 2 practice samples with noted levels of a-zearalenol (100 ng/g) and zearalenone (500 ng/g) , 7 spiked or blank samples, and 5 naturally contaminated samples. The spiked samples were prepared to contain 50, 50, 100, 100, and 200 ng a-zearalenol/g and 50, 100, 500, 1000, 1000, and 4000 ng zearalenone/g. Reference standards (25 f.Lg/mL) of a-zearalenol and zearalenone (5,0 mL) were supplied in sealed ampules and were prepared from the same stock solutions used to spike the corn samples. Each collaborator was supplied with a set of instructions and report sheets.
Q.·Zearalenol and Zearalenone in Corn
Liquid Chromatographic Method First Action
26,A09 Principle
Ground sample is extd with CHCI) and cleaned up by liq,-liq, partitioning. Toxins are detd by liq. chromatgy with fluorescence detection.
26.A11
Reagents 
Description of Samples
Naturally contaminated and toxin-free lots (2-4 kg) of yellow dent corn were ground to pass a U.S. standard No. 20 sieve, using a 6 in, Raymond hammer mill equipped with a screen having l/S in, diameter round-hole perforations. Each lot was blended 20 min in a Hobart planetary mixer. All analytical subsamples (50 g) were weighed into wide-mouth polypropylene containers. Spiked samples were prepared by adding known amounts of a-zearalenol and zearalenone in acetonitrile to preweighed samples of toxin-free corn, The Submitted for publication September 7, 1984 The mention of firm names or trade products does not imply that they are endorsed or recommended by the U,S, Department of Agriculture over other firms or similar products not mentioned.
26.A10
Apparatus 
Filtering Samples for Chromatography (Optional)
Wash Swinney filter assembly and syringe with acetone and dry before use. Insert filter disc between mesh screen and O-ring. and finger-tighten top section. Attach Swinney assembly to Luer-Lok of syringe and transfer sample to syringe barrel with capillary pipet. Insert plunger and slowly push sample ext thru filter into 1-4 mL vial. Sample is ready for liq. chromatgy.
Grind sample in hammer mill to pass U.S. Std No. 20 sieve. Mix well.
Accurately weigh 50 g sample and transfer to 500 mL g-s or screw-cap (Teflon-lined) extn flask. Add 25 g diat. earth and 20 mL H,O and rotate flask to accomplish some mixing. Add 250 mL CHCl,. stopper tightly. and shake 15 min on wrist-action shaker. Filter thru fluted paper and collect 50 mL ext (10 g equiv.) in 100 mL graduated cylinder. (Collect second 50 mL ext and save in case of accidental loss of first fraction.) Transfer to 250 mL separator and add 10 mL NaCI soln and mix. Add 50 mL of 2% NaOH soln and shake vigorously ca I min. Let layers sep. completely. Discard lower layer and as much sediment (if any) as possible. Add second 50 mL CHCl, and shake ca I min. Let layers sep. and discard lower CHCI; layer. Add 50 mL citric acid soln to separator. mix. and ext zearalenone/zearalenol with 50 mL CH,Cl,. Shake ca I min. and let phases sep. Drain lower phase thru ca 2 in. (40 g) anhyd. Na,SO, in glass funnel with glass wool ball (drain any emulsion at interface thru Na,SO,j. Re-ext aq. phase with second 50 mL CH,CI, and. after phases sep .. drain org. layer thru Na,SO, as before. Wash Na,SO, with 10-15 mL CH,CI,. Evap. combined CH,CI, exts to near dryness on flash evaporator. Transfer sample residue to 4 mL Teflon-lined screw-cap vial with 3-4 washes of CH,Cl,. Evap. to dryness under N and dissolve in 0.500 mL mobile phase by vortexmixing.
Sequentially inject 20 fLL zearalenone/a-zearalenol std and sample solns and det. peak hts at 236 and 274 nm (excitation). Calc. peak ht ratio. 236/274. for stds and sample. Ratio of sample peak ht must agree \vithin 5% with peak ht ratio for stds. where PH and PH' peak hts for sample and std. resp. Use stds which give peak hts comparable to sample peak hts. 'UV detector used by this collaborator; a-zearalenol not detected (ND), therefore, data omitted. bExtraneous peaks interfered with quantitation; data omitted. COutliers by Dixon's test (8) . as = standard deviation in log units for duplicate samples and based on sample x lab. interaction.
Confirmation

Results and Discussion
The results for the determination of a-zearalenol and zearalenone in spiked samples by all collaborators are listed in Table I . Collaborator 9 used a UV detector and was unable to quantitate a-zearalenol due to interfering peaks. Collaborator II reported high values for all samples containing less than 50 ng a-zearalenol and 500 ng zearalenone/g. Both sets of data were omitted from statistical analysis because of detector difference and poor performance of LC column. Two other collaborators reported false positives for a-zearalenoland zearalenone-free samples. All collaborators, except No. 9, used fluorescence detection and successfully quantitated both mycotoxins at 50 ng/g. The average recovery of a-zearalenol ranged from 79.6% at 50 ng/g to 80.4% at 200 ng/g (outliers omitted). The average recovery ofzearalenone ranged from 78.7% at 4000 ng/g to 103% at 50 ng/g. The average CV value for duplicate samples containing 50 and 100 ng/g azearalenol were 31.6 and 33.3%, respectively. The average CV value for duplicate samples containing zearalenone (1000 ng/g) was 25.0%. Table 2 lists the results of the determinations for a-zearalenol and zearalenone in naturally contaminated corn sampies. Higher CV values were calculated from these data than from spiked samples. Mycotoxin levels in duplicate samples 10 and 11 averaged 19.8 and 20.4 ng/g a-zearalenol and 2910 and 3008 ng/g for zearalenone.
Analysis of variance for results of mycotoxin assays in spiked and naturally contaminated samples are shown in Tables  3 and 4 . The CV values for repeatability were 22.6% for azearalenol and 31.4% for zearalenone in spiked samples. Higher CV values of25.6% and 33.8% were calculated for laboratory x sample interaction (reproducibility). Analysis of variance for naturally contaminated samples showed overall CV values for 47.0% for a-zearalenol and 37.7% for zearalenone. Variation among laboratories was significant for a-zearalenol but not for zearalenone in all samples. Calculations were made using the log transformation of the reported level for each of the 4 combinations of mycotoxin and contamination method (natural or spiked). Missing values were filled in based on solutions to equations for a randomized complete block design (2-way classification). The degrees of freedom were reduced by the number of missing or substituted values (8) .
Most of the comments about the method concerned large differences in concentrations of a-zearalenol and zearalenone in the naturally contaminated samples. This required one injection to determine the a-zearalenol, and, after a dilution, a second injection to determine the zearalenone. Twelve of 13 collaborators used a C 18 column and collaborators 4 and 5 used methanol-water (20 + 80) or (55 + 65) as the mobile phase. Collaborator 4 also used an excitation of 280 nm and emission of 465 nm to detect low levels of mycotoxins and reported 3 values found to be outliers on the high side. The need to filter the samples before LC may not be necessary if guard columns are used. Collaborator I used mass spectrometry to confirm a-zearalenol and zearalenone at low levels and reported false positives for both a-zearalenol-free samples and the one zearalenone-free sample. alenone by peak height ratio 236 nm/274 nm. Confirmation of identity of both toxins should be possible by peak ratio method. except for very low levels of toxin. less than 50 ng/g. Figure I shows a typical chromatogram of a mycotoxinfree sample and a sample containing 50 ng a-zearalenoIlg and 500 ng zearalenone/g. The mycotoxin·free sample shows a baseline variation at the retention time of both toxins but no detectable peaks are present that can be quantitated by the proposed method.
Values for lost samples filled in by using missing value equation for a randomized complete block experiment (9) . Rejected values determined by Dixon test. Three collaborators attempted to use both UV and fluorescence detectors and all commented on the increased sensitivity and selectivity of the fluorescence detector. Three collaborators also commented that standard curves constructed in the morning had greater slopes than the curves constructed in the afternoon, although curves from day to day agreed well. Seven of I3 collaborators reported confirmation ofzear- Figure 1 . Chromatogram of mycotoxin-free corn sample (A) and corn sample spiked to contain 50 ng o.-zearalenol and 500 ng zearalenonelg (8) . Fluorescence detection at 236 nm (excitation) and 418 nm (emission) cut-off filter.
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